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PURPOSE. The aim of the study was to determine the association of macrophage migration inhibitory factor (MIF) gene polymorphisms with Vogt-Koyanagi-Harada (VKH) syndrome.
METHODS.
A total of 600 Han Chinese VKH patients and 600 healthy controls were genotyped for rs755622 and rs2096525 of MIF by PCR-restriction fragment length polymorphism (PCR-RFLP) assay. Data were analyzed by v 2 analysis.
RESULTS. Genotype distribution in controls was in Hardy-Weinberg equilibrium. The frequencies of the rs755622 GG genotype and G allele were significantly lower in VKH patients compared with controls (P c ¼ 0.006 and 0.016). Stratification analysis showed decreased frequencies of the rs755622 GG genotype and G allele in patients, respectively with headache, tinnitus, alopecia, poliosis or vitiligo compared with controls (all P c < 0.05). rs2096525 genotype and allele frequencies were not different between VKH patients and controls. However, a lower frequency of the rs2096525 TT genotype was observed in patients with headache compared with controls (P c < 0.05). The frequencies of the rs2096525 T allele in patients with headache or vitiligo were significantly decreased compared with controls (P c ¼ 8.54 3 10 À4 and 0.012). In addition, the results showed a significantly increased frequency of the combined rs755622/rs2096525 CT haplotype and a decreased frequency of the GT haplotype in VKH patients compared with controls.
CONCLUSIONS. Our study identified a strong association of rs755622 with VKH syndrome and certain clinical features. rs2096525 was associated with certain clinical features of VKH syndrome. The results also suggested that the CT and GT haplotypes were associated with VKH syndrome.
Keywords: Vogt-Koyanagi-Harada (VKH) syndrome, macrophage migration inhibitory factor (MIF), disease association, gene polymorphism V ogt-Koyanagi-Harada (VKH) syndrome is a systemic autoimmune disease characterized by a bilateral granulomatous panuveitis, frequently accompanied by poliosis, vitiligo, alopecia, and central nervous system and auditory signs.
1-2 Although the precise etiology of VKH syndrome remains unknown, an autoimmune response, possibly in combination with an innate immune response, has been presumed to be implicated in its pathogenesis. A variety of studies have showed that genes in the human leukocyte antigen (HLA) region, such as HLA-DR4 [3] [4] [5] and HLA-DRw53, 5, 6 are the most powerful genetic disease risk factors for VKH syndrome in China, Japan, and other countries. Several non-HLA genes-including interleukin (IL)-17, 7 STAT4, 8 programmed cell death 1 (PDCD1), 9 and Fc receptor-like 3 (FCRL3) 6 -have been identified to be associated with VKH syndrome.
The macrophage migration inhibitory factor (MIF) gene is located on chromosome 22q11.2 and expressed mainly in macrophages and T cells. It has proinflammatory, enzymatic, and hormonal activities. 10, 11 Recently, many studies have revealed that single nucleotide polymorphisms (SNPs) in the MIF gene are associated with immune-related diseases, including juvenile idiopathic arthritis, [12] [13] [14] multiple sclerosis, 15 systemic lupus erythematosus (SLE), 16 psoriasis, 17 and ulcerative colitis. 18 These studies suggest that MIF may play a role in a variety of autoimmune diseases. Recent studies provided evidence that MIF may be involved in the pathogenesis of VKH syndrome. [19] [20] [21] We recently reported that MIF gene polymorphisms are associated with Behçet's disease, 22 but whether these polymorphisms are also associated with other uveitis entities has not yet been addressed. Since VKH syndrome is a relatively common uveitis entity in China, we decided to extrapolate our earlier studies to this patient group. The results showed a strong association of the rs755622 MIF SNP with VKH syndrome and certain clinical features. SNP rs2096525 was also shown to be associated with VKH in the patient subgroup presenting with headache and vitiligo. Furthermore, we found that the combined rs755622/ rs2096525 CT and GT haplotypes were associated with VKH syndrome. 
METHODS

Study Populations
A total of 600 unrelated patients and 600 age-, sex-, and ethnicity-matched healthy controls were investigated in this study. The group of healthy controls was the same as the one we used for our study on the association of MIF gene polymorphisms and Behçet's disease. 22 The blood samples were obtained from the First Affiliated Hospital, Chongqing Medical University (Chongqing, China), or the Uveitis Study Center of the Sun Yat-sen University (Guangzhou, China). All patients fulfilled the First International Workshop criteria for VKH syndrome. 23 The clinical characteristics of VKH patients were assessed at the time of diagnosis and are summarized in Table 3 and Table 4 . The study adhered to the tenets of the Declaration of Helsinki and was approved by the local institutional ethics committee of The First Affiliated Hospital of Chongqing Medical University. Written informed consent was also obtained from all the subjects. Blood samples were collected in EDTA tubes and kept at À708C until use.
Gnomic DNA Extraction and Genotyping
Genomic DNA was extracted by using a commercial kit (QIAamp DNA Blood Mini Kit; Qiagen, Valencia, CA). Amplification of the target DNA in the MIF gene was performed by the PCR using primers presented in Table 1 . Each PCR reaction was carried out in a 10-lL reaction mixture containing 5 lL commercial PCR kit (Premix Taq, Ex Taq Version; Takara Biotechnology, Co., Ltd., Dalian, China), 20 pmol primers, and 0.2 lg of genomic DNA for amplification of the DNA. Its conditions were as follows: initial denaturation at 958C for 5 minutes followed by 39 cycles of denaturation at 958C for 30 seconds, annealing at 658C for 30 seconds, extension at 728C for 30 seconds, and a final extension at 728C for 5 minutes. The two SNPs were genotyped by PCR-RFLP analysis. PCR products of rs755622 and rs2096525 polymorphisms were respectively digested with 2 U restriction enzyme (ALUI; Fermentas, Shengzhen, China) and MBOI (Fermentas) in a 10-ll reaction volume overnight. Digestion products were visualized on a 4% agarose gel and stained with a commercial stain (GoldView; SBS Genetech, Beijing, China). Direct sequencing was also performed by the Majorbio Biotechnology Company (Shanghai, China), using randomly selected subjects (20% of all samples) to validate the method used in this study.
Statistical Analysis
Hardy-Weinberg equilibrium was tested using the v 2 test. Genotyping results were estimated by direct counting. Allele and genotype frequencies were compared between patients and controls by the v 2 test using statistical software (SPSS version 17.0; SPSS, Chicago, IL). The P values were corrected (P c ) with the Bonferroni method by multiplying with the number of analyses performed. P c < 0.05 was considered significant.
RESULTS
The VKH cohort consisted of 600 subjects (348 male, 252 female), which were all Han Chinese. The average age of the VKH patients was 35.2 6 9.2 years. The healthy control cohort included 600 subjects (360 male, 240 female), in which the average age was 34.1 6 11.3 years. No statistical difference was observed between VKH patients and controls in the distribution of age and sex (P > 0.05).
Two SNPs of MIF (rs755622 and rs2096525) were successfully genotyped in 600 VKH patients and 600 controls. The results showed that the distribution of genotypes did not deviate from the Hardy-Weinberg equilibrium in controls. The genotype and allele frequencies of the two SNPs examined in VKH patients and normal controls are summarized in Table 2 We further performed a stratification analysis for certain clinical findings of VKH syndrome with both tested SNPs, including headache, tinnitus, alopecia, poliosis, and vitiligo. The results showed that the frequencies of the rs755622 GG genotype and G allele were significantly decreased in the patient subgroup with either headache, tinnitus, alopecia, poliosis, or vitiligo compared with controls (Table 3 ). In the tested SNP rs2096525, a significantly decreased prevalence of the T allele was found in patients with headache or vitiligo compared with controls (P c < 0.05). A significantly lower frequency of the TT genotype of rs2096525 was also observed in the headache subgroup compared with controls. We failed to find an association in the tinnitus, alopecia, or poliosis subgroup with rs2096525 SNPs (P c > 0.05; Table 4 ). Haplotypes were reconstructed and analyzed using genetic software (Haploview version 3.32; Broad Institute, Cambridge, MA). The results showed that the combined rs755622/ rs2096525 CT haplotype frequency was significantly increased in VKH syndrome compared with controls (P c ¼ 2.42 3 10 À10 , OR 4.203, 95% CI 2.664-6.632). A significantly lower GT haplotype was also observed in VKH syndrome compared with controls (P c ¼ 0.015, OR 0.722, 95% CI 0.587-0.887; Table 5 ).
DISCUSSION
In this study, we identified a strong association of rs755622 with VKH syndrome and certain clinical features. The present study also showed an association between rs2096525 and certain clinical features of VKH syndrome. The results furthermore suggest that the combined rs755622/rs2096525 CT and GT haplotypes are associated with VKH syndrome.
Although the cause and pathogenesis of VKH are still not completely understood, MIF is thought to be an important cytokine in the pathogenesis of VKH syndrome and its polymorphisms have been shown to be associated with a number of autoimmune diseases. [12] [13] [14] [15] [16] [17] [18] [24] [25] [26] [27] In this study, we investigated whether its polymorphism was also associated with VKH syndrome, a typical autoimmune disease. The choice of tested SNPs was principally based on earlier reports. [12] [13] [14] [15] [16] [17] [18] [24] [25] [26] [27] The SNP rs755622 appears to have a consistent association with multiple autoimmune diseases. [12] [13] [14] [15] [16] [17] [18] [24] [25] [26] [27] Furthermore, this SNP has been shown to influence the level of MIF expression in juvenile idiopathic arthritis patients and controls, 28, 29 suggesting its functional role in the development of disease. Previous studies showed that SNP rs5844572 was associated with autoimmune disease such as autoimmune liver disease 30 and that SNPs rs755622 and rs5844572 were in linkage disequilibrium in Chinese Han 31 or Caucasian populations. 30, 32, 33 SNP rs755622 is located 621 bp upstream from rs5844572, suggesting that it most likely has an effect on MIF promoter functionality on the basis of linkage disequilibrium. 34 Additionally, our group has previously shown that rs755622 affects its gene expression in PBMCs. 22 Based on the aforementioned information, SNP rs5844572 was not chosen in the present study.
Because numerous factors have been reported to influence the results of a study on the association of gene polymorphisms with disease, we made a number of efforts to ensure the correctness of the obtained data. We strictly selected the VKH patients included in our study according to the revised criteria as set up by an international committee on the nomenclature of this disease. 23 If there was any doubt about the diagnosis, we excluded the patient from the study. Unrelated healthy individuals were sex-, age-, and ethnicity-matched with patients and all the controls and patients were taken from a Han Chinese population to avoid a possible influence of ethnicity. Furthermore, 20% of the samples were randomly chosen and analyzed by direct sequencing in an attempt to validate the methods used in our study.
In this study, we found a decreased frequency of the GG genotype and G allele in VKH patients, suggesting that both may be protective factors for this disease. Interestingly, in a recent study we also found a similar result concerning MIF 
VKH Patients
Genotype polymorphisms with Behçet's disease, 22 an autoinflammatory disease caused by environmental factors in genetically susceptible individuals. In that study we performed a series of functional studies and provided evidence that an individual carrying the CC genotype of rs755622 would show a significantly higher MIF mRNA level than those carrying the GC or GG genotype. Previous studies showed that the deletion of MIF in animal models leads to a decreased production of IL1beta and IL-12 33 and that gene knockout prevents disease development in the collagen-and the adjuvant-induced arthritis models. 33, 35 These observations confirm that MIF plays an important and upstream role in the inflammatory cascade by promoting the release of other inflammatory cytokines. The combined data suggests that SNP rs755622 GG genotype may play a protective role (anti-inflammatory response) by downregulating MIF expression and thereby regulating the production of inflammatory cytokines. Stratification analysis showed an association between certain clinical findings such as vitiligo, alopecia, tinnitus, and headache with SNP rs755622.
Although we did not observe an association between rs2096525 with susceptibility to VKH syndrome, a stratification analysis according to certain clinical findings showed an association of rs2096525 with the headache or vitiligo subgroup, suggesting that this SNP may be a risk factor for both manifestations in this disease. VKH syndrome is thought to be caused by an autoimmune response directed against melanocytes and the clinical symptoms observed are found in certain organs containing melanocytes. Apart from the skin, neural crest-derived melanocytes are found in noncutaneous places such as the eye (choroid, iris, ciliary body), ear (vestibular organ, cochlea), and in the meninges of the brain, which may explain the association of MIF polymorphisms with disease expression at these various locations. In this study, the number of patients with certain clinical findings in subgroups are limited. Further studies with more patients in subgroups are needed to analyze MIF expression and genotype, to help understand etiology of clinical manifestations in VKH syndrome.
A combined rs755622/rs2096525 haplotype analysis revealed that the haplotype GT conferred a reduced risk of VKH syndrome, whereas the haplotype CT was associated with susceptibility to VKH syndrome, suggesting that there are VKH syndrome associated SNPs present in a locus between SNPs rs755622 and rs2096525.
It has been reported that VKH occurs most commonly in individuals who are Asian, Latino, Native American, or Asian Indian. 36 As the VKH patients tested only came from a Han Chinese population, the identified association in this study needs to be verified in other populations. On the other hand, we only examined the association of rs755622 and rs2096525 with VKH syndrome and didn't eliminate the possibility that other gene polymorphisms of MIF are associated with this syndrome.
In conclusion, our study identified a strong association of MIF polymorphisms with VKH syndrome. The GG genotype and G allele of rs755622 were defined as protective factors for the development of VKH and manifestation of certain clinical features. The mutant allele C of rs2096525 may be a susceptibility factor to headache and vitiligo in VKH syndrome. In addition, CT and GT haplotypes were also associated with VKH syndrome. Further studies are needed to investigate whether a manipulation of the MIF response in patients with a certain genotype may alter the course of their disease. 
